Abstract: This clinical report describes the successful implantsupported prosthetic rehabilitation of a patient who underwent subtotal bilateral maxillectomy for an oral squamous cell carcinoma with a consequent wide defect interesting the whole hard palate and most of the soft palate, causing a large opening that directly connects the oral cavity to the nasal fossa bilaterally. The innovative aspect of this case is represented by the realization of an obturator prosthesis supported by just 3 zygoma implants.
R adical oncological excision of oral neoplastic lesions often leads to a severe impairment of the patient's oral function. Maxillectomy defects result in the formation of an opening between the oral cavity and the nasopharynx. Actually, several surgical reconstructive options exist, including prosthetic obturation, 1Y6 nonvascularized grafts, local flaps, regional flaps, and simultaneous or delayed microsurgical reconstruction. 7Y12 In such cases, radical surgery commonly causes large soft and hard tissues defects that seriously impair chewing, speaking, and swallowing abilities. In such cases, conventional dental implants have been widely used to obtain a satisfactory mechanical retention of dental prosthesis or obturators. Dental implants represent a valuable option only when the basal alveolar bone crest is still present, while their use is impossible in case of subtotal bilateral maxillectomy due to the absence of both bone and oral mucosa. 13, 14 Zygoma implants were developed by Prof. Branemark and had been originally conceived in order to obtain a stable retention in those edentulous or oncologic patients with an insufficient bone for conventional dental implants placement. 15 Several studies demonstrated that the mean dimensions of the malar length and width provide an optimal bone anchorage for 1 or 2 zygomatic implants. 16, 17 They are inserted cortically through the malar bone achieving a bicortical primary stability even in absence of the whole anterior part of the upper jaw. Zygoma implants are available in several lengths, ranging from 30 to 52.5 mm. Moreover, zygoma implant design offers the maximum bone anchorage with a simple access to the implant head and a consequent easy abutment connection. The implant head allows to develop prosthesis attachment at a 45-degree angle to long axis of the implant. 18 For all these reasons, zygoma implants are suitable in the rehabilitation after oral cancer resection. 19, 20 This clinical report describes the successful management of a patient affected by a squamous oral cell carcinoma who underwent subtotal bilateral maxillectomy, followed by a 3Yzygoma-implantsupported prosthetic rehabilitation.
CLINICAL REPORT
The patient was a 70-year-old man who was referred to our department for oral rehabilitation in March 2010. The patient had a history of a subtotal maxillectomy for resection of a squamous oral cell carcinoma of the hard palate. The surgical resection caused a large defect involving most of the palate, while just the tuberosities and a small part of the posterior soft palate remained. Surgical treatment was complemented by a postoperative radiotherapy protocol of 40 Gy. A maxillary provisional obturator was placed postoperatively. The surgical resection caused a bone defect which corresponded to Class 2c in the classification of maxillary defect by Brown et al. 21 As a direct consequence of the surgery and following radiotherapy, the patient suffered from lip incompetence due to the extreme retraction of all the soft tissues of the upper perioral region.
At the time of the first visit, the resection site appeared to be entirely covered by respiratory mucosa. Only the left upper second molar and the tuberosities were preserved. The defect was extended from the hard palate to the soft palate, causing an opening to the nasal cavity bilaterally (Fig. 1) . Extraoral examination revealed a severe loss of upper lip support and left maxillary facial depression with a severe loss of nasal base support (Fig. 2) . The nose appeared retracted and asymmetrical, while an opening was present between the left nostril and the endonasal cavity (Fig. 3) . Radiographic examination revealed a minimal remaining of bone. Owing to the severe periodontal disease affecting the upper second molar, the patient was no longer able to wear the obturator prosthesis that was unstable. Despite the aesthetical appearance which was not satisfactory, the patient just complained about the important functional limitation that had a severe impact to his social and family relationships.
For this case, there were no reconstructive alternatives to implantsupported prosthetic obturator, as reconstructive microsurgery was not considered a viable option due to the age of the patient and his comorbidities. The patient was affected by diabetes type II, hypertension, and ischemic heart disease.
Once the upper second molar has been extracted, a conventional obturator was contraindicated due to the absence of a residual alveolar ridge and palatal support. Implant therapy was indicated but nevertheless the extreme bone deficit limited the use of conventional implant placement, leading to the planning of a zygomatic implant-supported obturator and overdenture prosthesis. The surgery was performed in May 2010. The preoperative CT allowed to analyze the anatomy of the remaining maxillary and zygomatic bone and, moreover, to plan the exact location of the zygoma implants. Unfortunately, the malar bone on the left side was so thin to allow for just 1 implant to be placed (Fig. 4) . Overall, 3 zygoma implants (Zygoma Fixture; NobelBiocare, Goteborg, Sweden), 2 on the right side and 1 contralaterally (all of them 35-mm long), were inserted. Six months after implant placement, the abutment was installed ( Fig. 5) . No mucogingival grafts were necessary.
After a 3-month healing period, a multiunit abutment (NobelBiocare) was connected to the implant body (Fig. 6) . A transfer impression over the implants was made. Wax occlusal rims formed on the acrylic record base were used to make the interocclusal record to transfer the interarch relationship to the articulator, and a facebow registration was also performed. The model was then mounted in an articulator.
Wax-up was performed and phonetic tests made for checking occlusal vertical dimension. Three custom-made noble metal alloy (Skel 80; Fraccari, Verona, Italy) abutments (Gold adapt engaging Branemark system RP; NobelBiocare) were positioned and the overdenture metal framework (Cr_CO Master C 98; Fraccari) modified in order to allow secondary attachments settling (Ot.Cap strategy 154 PCS; Rhein83, New Rochelle, NY, USA): male on the abutment FIGURE 2. Preoperative frontal view of the patient: a deep retracting scar is evident in the nasolabial fold, while the left side of the nasal pyramid appears to be deeply depressed due to the absence of any skeletal support. The framework inside the denture permits an optimal discharge of the masticatory and loading forces through the prosthesis and the implants axis. ( Fig. 7) and female inside the framework (Fig. 8) . Finally, resin obturator (Pro Base; Ivoclar Vivadent, Naturno, Italy) was connected to the internal body of the overdenture (Fig. 9) .
The maxillary denture was completed and inserted in the oral cavity in February 2011 (Fig. 10) . The definitive obturator prosthesis demonstrated optimal retention and stability during both speech and mastication. Following delivery of the prosthesis, the patient's response was extremely favorable in relation to speech, swallowing, and mastication while the patient's facial appearance poorly improved. Postinsertion instructions were given with a particular focus on insertion, removal, and hygiene of the prosthesis. At 1-year follow-up, the patient confirmed his satisfaction and no significant complaints have been recorded. The masticatory function of the patient was assessed using an evaluation questionnaire for complete denture wearers 22 (Table 1) . No complications such as sinusitis, perimplant mucositis, or implant mobility were detected clinically or radiologically (Fig. 11) .
DISCUSSION
Radical surgical excision of neoplasm of the jaws often leads to a severe deficit of the involved anatomical structures. Extensive surgery for maxillary tumor resection results in severe functional, emotional, and social impacts for patients. Moreover, immediate reconstruction with local pedicled flaps or microsurgical flaps is not always possible, maximizing the postoperative functional impairment. 21 Although minor maxillectomy defects can be easily repaired by means of a combined surgical and prosthetic rehabilitation, major maxillectomy defects often need a challenging implant-prosthetic rehabilitation. Indeed, major maxillectomy leads to the complete loss of alveolar bone and hard palate with a consequent severe loss of support to the facial soft tissues such as the lip, check, and nose. Moreover, in most cases surgery is associated to postoperative radiotherapy that always causes an adjunctive impairment of the elastic properties of the aforementioned anatomical facial structures. 21 The fabrication of a maxillary obturator is especially challenging in presence of a large maxillary defect. While the obturator is essential for restoring facial contour, functional mastication, articulation, and speech intelligibility, its creation could be actually impossible in wide maxillary defects. The closure of the defect depends on a pressure-resistant seal of the obturator bulb and a prosthetic design that uses all the nearest remaining anatomical structures to obtain a satisfactory stability and retention. In such case of wide bone defects, the obturator prosthesis cannot rely on any anatomical support.
Dental implants positioning represents an optimal option to create a new anatomical support to the obturator prosthesis. Conventional dental implants are the most common option to treat a patient with small and medium-sized defects of the upper jaw: in presence of a well-represented alveolar bone crest, conventional endosseous implants can allow in most cases a stable support to the obturator prosthesis. 13, 14, 23 In all those patients that, after a subtotal maxillectomy, cannot be immediately reconstructed with a microsurgical revascularized bone flap, the zygoma implants represent the only available option to obtain a stable support for an obturator prosthesis. The design of zygoma implants allows the surgeons to insert these implants even in case of total maxillary bone defect because they obtain a bicortical stability through the malar bone.
15,18Y20 Moreover, zygoma implants are commonly placed at a 30Y60-degree angle relative to the occlusal plane 20 in order to minimize the large lever arm and, although no implant fractures have been reported to date, to avoid any possible postoperative mechanical deficit.
In presence of a severe maxillary atrophy or a wide maxillary defect, a ''quad'' approachV1 or 2 zygoma implants in the posterior maxilla and 1 or more conventional implants in the anterior maxillaVis nowadays considered as the best option. A ''quad'' approach based on just 4 zygoma implants inserted in the posterior maxilla has been also described as a viable option.
15,24Y26
FIGURE 10. A frontal view of the patient dressing the denture. Although the aesthetical result is not satisfactory, the implant-supported rehabilitation restored a satisfactory speaking and masticatory function. 
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In the present case, it was not possible to place more than 1 implant on the left side because of the lack of thickness of the malar process. Two zygoma implants could not get an effective bone anchorage on that side. Then, it was assumed that the stability of the dentition of the right side, based on 2 well-positioned zygoma implants, is equivalent to a normal one, as already described in the literature. 27, 28 Therefore, a single zygoma implant on the other side should not be prone to overload if it has been splinted rigidly to the other implants. 29, 30 Due to the wide extension of the palatal defect, it was not possible to create a cross-arch rigid splintation by means of a metal bar. Otherwise, the metal bar would have been crossing the defect and the obturator would not have closing all along the defect's margins. Therefore, 3 single customized abutments were obtained and OKT attachments (Ot.Cap strategy 154 PCS; Rhein83) were connected as more axially as possible to avoid lack of retention. Furthermore, the overload on the single zygoma implant has been avoided by means of a mucosal-implant support of the overdenture.
The excessive leverage forces on the implant have been previously reported as one of the most important causes of zygoma implant failure. Nevertheless, in this case the leverage force on the left implant was counterbalanced by means of an accurate design of the framework connecting the 3 implants and releasing the forces through them. 30 In the present case, the lack of bone of the anterior maxilla prevented the placement of any conventional dental implant. The prosthetic design was thought to provide just a passive support to the nasolabial fold.
The evolution of osseointegrated implant concepts and design in combination with remote bone anchorage concept has given the surgeon new reconstructive options. The most important effect of the development of zygoma implants is that the possibility of an implant-supported rehabilitation is now available also for patients not susceptible of major surgical reconstruction. Although limited clinical data are available on the long-term performance of zygoma implants, the literature provides evidence that such implants, associated or not to conventional implants, represent a viable and adaptable option to rehabilitate wide maxillary defects.
